
.. , . . .. .
. “ p ::”- ...- .- r

..

+
t

+. ?-s w #
--l -“i

. . i
. ... . .- C ‘.

.s w .
,.. , ,.

.’
. . . . . d

.“
. ,. ..-< ,,-=<

.— .—

“l#i?..

.——. A— ,.
. . .,

““’!’!!!qg~~~qllll: .“‘“; ‘“ ‘“” ● _ =

p

L=
‘-“N-AIIONALADjUSORY COMMITTEE

FOR AERONAUTICS

‘“TECHNICA1.NOTli

No. 1291

COLLECTION AND ANALYSISOF WIND-TUNNEL DATA ON THE

CHARACTERISTICSOF ISOLATED TAIL SURFACES

WITH AND WITHOUT END PLATES

By WiUiam R. Bates

Memorial Aeronautical Laboratory
Langley Field, Va.

Y@gJrJ7

Washington

May 1947

---- I

,.. .”:1
/--”- t - .. . .. -:.

.-. .L .”-”’
L--

.,



have
made

NATIONALM3VISORYCOMMITTEEFOR AERONAUTICS

TECHNICALNOTE No. 1291

COLLECTIONAND ANALYSISOF WIND-TUNNELDATA ON THE

CH!!.CTERISTICSOF ISOLATEDTAIL S~ACES

WITH~WITHOt71 ENDPLATES

By Willi.amR. Bates

SUMMARY

The aerodynamiccharacteristicsof 19 isolatedtail surfaces
been determinedby wind-tunneltestsand testshave alsobeen
of rectangularair~oilsof various’aspectratioswith and

withoutdouble-endplatesof variousshapes. The data from these
testshavebeen collectedand analyzed.

9 The analysis~.nd$.catedthat the slo~eof the lift curvecould
be predictedwithin10 percentfor all modelsby use of .liftiilg-
s~rface-theoryequations,The increasein lift-curveslopeprovided

. .bytip-locateddoubleend plateswas shownto be dependentupon the
squareroot of the area of the end platedividedby the airfoilspan.

About three-fourths,ofthe computedvaluesof the elevatorlift-
ACLeffectivenessparameters..—
AZ

agreewithin10 percentof the measured
values.

The hinge-momentparameterswere computedby raeansof lifting-”
surface-theoryproceduresfor comparisonwith measuredvalues. The
parametersof elevatorswith cut-outscouldnot tiepredictedaccurately.
For elevatorswith no cut-outs,alxmt55 percentof the calculated

* valuesfor the rate of changeof hinge+nouentcoefficientwith angle
of attack Clk and about65.percentof the calculatedvaluesfor the

rate of changeof hinge-momentcoefficientwith elevator’deflec-
. tion Chb are withinLO.OO1Oof the measuredvalues.
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In orderto providefundzuuentaldesi~ data the NaticnalAdvisory
Commtttcefor AeronauticsZas undertakenthe expedientof publishing
cdkcti~~~ of data obtainedin specificinvestigationsand,whenever
possible,a~alysisof the da’ka.The present paper mntair!a a
collectionand analysisof data that includes19 tailsurfacestested
in the Tje..ngley4- by 6-footverticaltumnel. These tail surfacesare
from completeairplzmeznodelsthathe.vebeen testedfor stibilityand
controlcharacte~isti.csin the ‘Langley7- by 3.O-fcottunnel. some
datafrom otherWmnela (references1 to ‘j)are presentedfor
comparisons.In addition,acmedata are presentedon testsof
isolatedtailscut to variousspansand equippedwith end platesof
variousshaFes.

COEFFIC:EEiKE3AND .CYMF.0TG3

. ...

()lift coe~ficient. L
@

fiirfci~sectd.onlift coefficient
‘)\&

()

He
elevatorhinge-momentcoefficient —-

2gbeEe

forceperpendicularto relativewind.,positivewhen
directedupward

airfoilsectionlift

elevatorhingemoment}positivewhen it tendsto deflect
eievatordown

()

,$dynamicpressureof free air stream --––

mass densityof air at sea level

fi,:!.rspeed

horizontallj&ilarea

ml

r

*
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elevatorarea

area of overhang(balancingsurface)

area of end plate

chOrd of’ airfoil section

chordof elevatorbehind.hinge axismeasuredat any
airfoilsection

root-mean-square

averagechordof

averagechordof

averagechordof

span of airfoil

elevatorspan

span’ofoverhang

chord of elevator

airfoilsection

()s~overhang
~b

elevator

(balancingsurface)

behindhingeaxis

heightcf end plate

airfoilmaximumthickness

()2aspectratio ~

effectiveaspectratio

taperratio;ratioof tip chordto root

angleof attackof finite-spanairfoil

chord

angleof attackfor infiniteaspectratio

deflectionof elevatorwith respectto airfoilchordline

trailing-edgeangle

.
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flu
-m

()acl,
cl,a =

C&

effectiveedge-velocityfactortakenfrom
referer.ce6

elevatorlift-effectivenessparameter;effcctlve
changein sectione.ngleof attackpor unit
changein elevatordeflection

()acL.-—..%. = aa
(forairfoilwith end plates)

%p 5

()“acl\
% =
a. z-

Ofj

,

.

.

The subscriptsoutsidethe parenthesisindicatethe factorsheld
constantduringmeasurementof the ps,rmeterst *:

.
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Subecrf.pim:

F’ frontelevator

R rear elevatcr

APPARATUSAND MODELS
,,

The tests weremade in the Langley4- hy 6-footverticaltunnel
a0scri3eain reference70 The test sectionof this tunnel.has been
convertedfrom the originalopen, circular~ y-f,qct-diemeterJet to a
closed,rectangular,4- by 6-footthroat (reference8).

.

The modelswere constructedof laminatedinahog$my.Various
geometriccharacteristicsof the modelsare given in tablesI to IV.
Detaildrawingsof all models‘are~iven in figures1 to 19- Model2
w.as,testedwith the slot openand filled(seefig. 2); znodel8 was
equippedwith a doubleflap;models18 and 19 were testedwith and
withoutcircularand ellipticaland plates. The.spansof models18
and 19 were varied,as shownin figures18 and 19, in orderto vary
the aspectratio.

Unnecessaryholesin the surfacesof all.the modelswere filled
to form smoothsurfaces. For soue teststhe gaps at the noses or the
elevatorswere filledwith modelingclay @d $aired.to the airfoil
contour.,Fortestsin whichhingemomentswere read the’gapwas
filledwith grease. For elevator-freetests.the e’levatorwas
staticallybalanced. The trailing’ed.g?angleswere measuredfro~ the’
modelswith a vernierprotractor.Model 17 was %es.~edas a complete
tail assemblymounteaon a dumy fuselagewith No. 60 carborund.ym
grainslocatedat the 0.17cstation’over the entirestabilizersyan.
Exceptfor models10 and 11, whj.chwere equippedwitihsealedinternal
balances,the modelshatiplainelevatorsor elevatorswith plain
overhangbalances.

Figure20 showsthe regularsetup of the electricalstrain’-gag$
unit with which the hingemomentswere read;figure21 givesa sketch
of the tare setup.

TESTSANDMETHODS ,

Most of the testswere made at a dynamicpressureof 13 pounflsper
square foot, which correspondsto an air velocityof about72 milesper
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hour at standardsea-levelconditkns. Models18 and 19 were tested
at a &~namicpressureof 15 poundsper squarefoot,which corresponds
to an air velocityof about76 milesper hour at standardsea-level
coiiditions.The Reynoldsnumbersfor the testsof the variousmodels
varjedfrom 144,000to 292,0C0. The effectiveRe;moldsnunilerfi(for
maximumUft coefficient)variedfrom278,000 to 653,000basedon a
turbulencefactorof 1.93for the Langley4- by 6-footvertical
tunnel.

For eachmodel,testsweremade by varyi~ the angleof attack
with severalfixedelevatorsettings.

The liftdatahavebeen correctedfor tarescausedky the model
supportstrutand fork. In orderto find the effectcf the strut
and fork,testswere ruh with and withwt a dumwystrutand fork
in place. For model17 a dummyfuselagewas momted on the fork
and tested. Jet-boundarycorrectionswexe appliedto liftand
angleof attack(table1). The correctionsto hin~emomentwere
very smalland thereforewere not applied.

The followingelevator-gapconditionsof the modelswere tested
both for eievatorcut-outopen and filled: unsealed,seeledwith
grease,and sealedand fairedto airfoilcontourwith modelingclay.

PXSULkiSAND DISCU55$1ON

Liftand hin~e-momentcharacteristicsof models1 to 17 arc
presentedin fi$u~es22 to 38, respectively,as plotsof lift
coefficientand elevatorhinge-momentcoefficienta~ainstar~le
of attackfor,variouselevatordeflections.Lift characteristics
of models 18 and 19 are presentedin fig~es 39 and 40, respectj.velyc
The aerodynamicparametersof the ~deis are givenin tableV.

Lift of ModelswithoutEnd Plates

An equation,basedon lifting-surfacetheory(reference
for the lift-curveslopeis

Acla

‘La = ~E +77”3
e

.-y. Ct
a

(1)

u

.
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where Ee is an effective
“b given in reference6. For

7

edge-velocitycorrectionfactorwhich is
the theoreticalsection.lift-curve

2fi
slope, eta = — the fol].owingequationis obtained.:

● 57’3’

cLa =0.1095 ~
me + 2

(2)

Theoreticalvalueswere computedby equaticm(2)and compared
with experimentaldata in figure41. The data scatterconsiderably
and are below the theoreticalcurve, A curverepresentingthe
averageof the experimentalvaluescorrespondsapproximatelyto
equation(2) with the constantchangedto 0.090or

c
La = 09090–~

A3e + 2
(3)

Becauseequation(3) doesnot accountfor any varie.tionin the value
of the lift-curveslopean attempthas been made ,todet6rminehcw
much of the scatteron figure41 canbe eliminatedTy estimating
the valueof Cza for each specific~ode~-.me effectsof trailing-

edge angle,airfoil-sectionthickness,gap
were considered.The valueof c1 for a

CL
em-piricallyas foilows

where c1 is read from figure42,
‘O

thicknessand trailing-edgeangleon

which

size,and gap location
givensectionis expressed

uc2aDealed

($J“z~amed.-..

showsthe effectof

sectionlift-curveslope.

airfoil

In
preyaringfiguro42 data was takenfrcmreference~10 to 1~~~and the
slope cz ‘wasplottedagainst @ for variousconstantthickness

ao acz
ratios t/c. The averagevalueof -Q- determinedwas 0.0006.

w



8 NACATN No. Lz91

This value was used in correcting CZ to zero @ailing-ec@eangle.
a.

The curvesat the othervaluesof ~c (fig.42) were obtainedby

subtracttxgsn’incrementequalto &# from the curvefor @= o”,
ag

Data obtainedfromreferences15 and 16 are Fresentedin a plot

()%a~e.popenof .——-..—— against‘breaklocatfcnfor

(i
%

&p sealed
the NACA 000$1and NACA C!Cl~airfoilstn figure

I’”c.)
(’a~apo~en. decreases as theg~?

show that ~. -—

[k
Cza

e..p~ee.led.

leadingedge of the airfoiluntil.It ;“eachesa

variousgep sizesfor

43. These curves

is moved towardthe

pcsitionof aboutC.50C.
The gap ei~esrangefromG.001cto O.GMJCand tie data indicatea -

.
()
c2a,

decreaaein ~*p-!Z@?-- as the gap size increcses.

(.

Figure44

(9b aired, ()c?givingthe effectof the break in the afrfoilcontovron —___a.ealed

(k
Cta aired

Tinenose shapeof the balancehad very littleeffecton the l.ift-
curveslope.

Equation(1)may be rewrj.ttenas follows

c
TJwhich.maybe representedby a singlecurveof Q plOtted

(4)

●
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against + provided.that the second-cindereffectsof variations
,

in

are

of

‘a
q on the valuesof Ee Acorrespondingto a givenvalueof —
a Cla

neglected. For determj.ningvaluesof Eej a constantvalue

c2a = 0.10 was assumed, Varying c1 producedsuch a small
a

changein Ee that it was ne@ectedt
c.

%A comparisonof’theoretical.and experimentalvaluesof —
Cxa

>lottedaga;nst -~.Cla is given”infigure45. The scatterof yoints

is somewhatless thanthat infigure41. A curverepresentingthe
averageof the testTointsis sli~tly below the theoreticalcurve.
The data consideredherein.thereforeIndicatethat tinetheoretical
valuesof Ee arq too small,

The IJ.ft-curveslopesfcq finite-aspectratioswere computedby
use of equation(1)so thata comparisoncouldbe made betweencomputed
and measuredvalues. This comparisonis yresentedin figure46 and
showsthat all valuescouldbe computedwithin10 percentof the
measuredvalues.

.

Lift of Airfoilswith End Plates
I

●

.

In determiningthe effectsof tip-locateddoubleend plateson
the airfoillift-curveslome.data frcm the presenttests.,frcm
references 17
analyzed.

Attempts
Aas —-- or as
A’

to 20, and f~crnunpublishedso~ces were co~lectedanil

were made to
Clj
%~ with

c.
‘a

correlatetho end plateeffect,given
‘epsuchratiosas ~ ——., ~d ~~fl

s ‘b
pep

The best correlationwas obtilned when -~ was plottedagainst—.
Af b

The relationobtainedand equaticn(4)were used to construct

cLa
figure470 By use of the curvesin figure47, valuesof .__.!?l?

CLCI,a u
ep

were calculatedand plottedagainstwleasuredvaluesof —
cLa

in figure48.
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XlevatorEffectiveness

Thelii?teffectiveness~ wasestfmated

references21, 22, 23, and the presentpaper.
smpirj.cal.equationwas used

Aa Au

(dz= A—-~ain sealed

Figure49, whichpresents

trailing-edgeangles,was
The effectof the
The effectof the
(fig.50) of data

The measured

NACATN NO. 1291

by use of data

The f’ollovring

in

derivedfrom figures16 and 17 of reference22.
overhangwas obtainedfrom figure26 of reference 22.
elevatorcut-outwas obtained–frmaa correlation
from the present paper.

Aavaluesof — are plottedAR
.L3V

valuesin figure51. About three-fourthsof
within10 percentof the measuredvalues,

ElevatcrEingeMcments

The hinge-momentparameterswere calculatedaccordingto lifting-
surface theory%y themethoddevelopedin reference9 for use cn a
wing of ellipticalplanform The sectionvaluesfor the plainflap
used in the computationswere obtainedfromreference22. The balance
effectalsofound in reference22 was addedto the plain-flap values
whichhad been correctedfor aspectretie, The effectof the horn
balancewas ottainedfromreferemce4. The measuredvaluesof hhge-
?nornentparametersare plottedagainstthe calculated~aluesin
figures52 to 751

No attemptwas made in the calculationsto e.ccountfor the
effectsof cut-outs3becauseaccurateestimatesof the values of
the sectionparametersin the regionsof the cut-outscouldnot be
made. With cut-outsopen,the agreementbetweenmeasuredand
calculatedvalueswas poor;the measuredvaluesgenerallyare
considerablylessnegativethanthe calculatedvalues, Better

-’

●

●

.

.
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agreementwas obtainedwhen the elevatorcut-outs
this conditicmabout~~ percentof the calculated

and about65 percentof the calculatedvaluesof

withintosoolo of the

*

From an analysis
followingconclusions

10 The slopeof
fcr all the modelsby

2. The increase
doubleend plateswas

*

mee.suredvalues,

CONCLUSIONS

of testdata on 19
may be drawn:

the lift curvewas

isolated

were filled. For
valuesof c~

a
Cha are

tail surfacesthe

predictedwithin10 percent
use of the lifting-surface-theoryequations.

in lift-curveslopeprovidedby tip-located
shownto be dependentupon the squareroot of

the area of the end plate divided by the airfoilspan.

3. For computedvaluesof the elevatorlift-effectiveness

parameters~~- aboutthree-fourthscf the pointsagreewithin

10 percentof the measured.values.

4. The hingemoment parametersof,el.evatorswith cut-outscould
not be predicted.accurately,For elevatorswith no cut-outs,about
59 percentof the calcula-tedvaluesof the rate of changeof hinge-
momentcoefficientwith angleof attack Cha and,about65 percent

of the calculatedvaluesof the rate of changeof hinge-moment
coefficientwith flap def?.ectionCh

6
are within~0.0010

of the measuredvalues.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

LangleyField,Vs., February19, 1946
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TASm I.—INFORMATION RWRDIRO --DI-IoW-~w MODRLR Tssmo IN wicmr 4- 2Y 6-FOOIIVRRTICAL T7nnisL

flhrbul.n.efactO.,1.9~

Plan form SM.ante section
Mode:
and

“Igurl

1

Correctionsadded
to test data

v

9JS I sb/seData

3&e

22

23

Test
eynolds
mmdler

A.wect ratio
Airfoil
section Of:y F~~~ ofeJ FiU&

o.3b2 0.376 0.200 ------

.336 ----- .203 ------

.455
Radius

.489 ~o~e ------

.217
Radius

.244 ~oae ------

.308 .339 .202 0.185

.299 ----- .329 ------

.274 ----- .37’3 ------

b
b.845 _____ R~fus ------
G,237 c.351

.331 .354 .324 ----—-

eP-

-&==J-‘+=--

i-

3.45 3.27

3.41 -----

--1--

3.65 3.42

o.004E

.003F

NACA 0009

Clark Y

25!5,000

259,000

Elliptical

Aa.1.12% ---._---

&OL=o.040cL --------
0.438?

3

1

da-l.384cI, &a-l.482cL
dc~-o.032c~ &L-o .030cL

280,00024 RAOA 0009 .003C Elliptical

i

3.W 3.39

4.22 4.06

k-l .648cL As-l.71Q
AcLm .031~ ACL=O.029C~

.001?! Elliptical4

5

25

26

EACA 0009 252,000

--1--
(W-Q.894cL h-o .950CL
dc~d .044c~ ~L=o .041~

RACA 0D09,
sharp nose

.004E 233,000 .365

-----1-4===+ @==-

4=+ EK&–
-1-5.55 -----6

7

RAOA 0011-”61 188,000 .37727

5.21 ---- .lfACA0012-6128

29

.002E 186,000 .446

z5,20 -.,----

4.39 L29

--------
k-o .891cL -
ML=O .051cL --------

8

9

NACA 0012-61 .004E 186,000 .446

Root,
K4CA 0013.4-61

f?ACA%% .5-6)

Iku.1.20CL da-l.24CL
~-o .031:L ACL- .030C~

30 .005E 259,000 .525

~Open and filled refer to rudder cut-outoondltion,see cross-hatched&reaa In plan forms.

1-
0-l

‘Refem to forward elevator.
.

cRefers to pear elevator.
HATIOUALADUISORY

COMITTRR FOR AERONAUTICS
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TA2GE I..-II!FORMATIONRmuulnlo TNR22-DIHSIOW+LOW Mom TESTED IN LANmEr 4- BY 6-FOOTV2RTICAL TusN2L - COnOluded
,

,naadded
It data

Fl:~d

MOtle:
aod

imim

Oata
on mm ram Bal.anoeSeotion
1gure

Airfoil
section

NACARg%-015

SACATi%2-012

------ --
---------10

—

U

—

12

—

13

.

14

—

15

—

16

—

17

—

18

—

19

i+

se-sled 223,000 .559

0.0166 228,000 .467

.0015 167,ooo .97

5.36 -.---- .274 ------ .268 ------ da-l.47cb
2J2~-o.03EC1

4.’78. 4.67 .360 0.373 .274 0.265
Au-1..386CL

ACL-O,0370~

4.26 ------ .281 ------ .132 -.---- hi .onc~
AcL-o.04801

-.---..-
. --------

&-l .426cL
&L-o .03701

--------
.“------

33 d G=’ SACA 0012.6-64

Noot,
sm2A 66,2-015

KAOA%’%9

*

3.40 3.26

I

.2T4 .302 I.302 I

.262 Au-o.9320L
dopo.o~

da-o.mcL
~L-O .03&I

NAOA 0009

4.53 ------ .337 ------ .350 ------ &l-d.7332L
ML-o .0510~

nAo~:i5-63

mo%k8-63

.Oogs 208,000 .646

.006s 198,000 .653

.00%3 194,000 .500

-----
M6,1xIo 1.000

---- 184,000 1.lxxl

.-----.-
--.-----

4.21 I .291

II

m-o .4820L------ --”--- ----- ----.-
~-o .06&1

--------
------- -RACA 0015

4.6s -------1.265 ------ .~ I------Au-o.911OL
fxL-o.05q

RACA 66-oo9
--------
------.-

1 1

39

c

I
1.5 ------ ----- _--.-- .---_ ------

---------

6%3
------ .-.

* -------- .
.to ------ ----- ------ ----- ------

6.02
-------- .

--------
--------

------- .
-------

RACA 84

WA 0009Ml<--l
—
lpmn ●nd fUld refer to ruddercut out condltlon, see nross-hatohedmress in pm forms

. RATIONAL ADVISORY
Comrr?m mR A2RoNAmcs
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Model

Totalarea,sq ft

Totslarea (1’illedIn),sq rt

Elevatorareabehindhinge,aq ft.

Elevatorareabehindhinge (iYlledIn),sq j

Spsn Or completetail, i%

Sran of elevators,ft

Spanof elevators(filledin),ft.

Aspectratio

Aspectratio(filledin)

Cet f~ -
,

Ce’ (filled3n),ft

Stabilizeraveragechord,ft

Tallaveragechord,ft

Taflaveragechord (filledin), ft

‘efi

me/~ (filledIn)

Totslelevstorarea,sq ft.

Totalelevatorarea (filledIn),sq ft

Elevatoraveragechord,Pt

Elevatoraveragechord(filledin),ft

St.sbillzerarea,w ft

Tip section chord(theoretical),ft

Root sectionchord,ft

Area of balsnce,sq ft

Area of bslance(filledin),sq rt

Averagechordor balsnc=,rt

Averagechordor balance(filledin),rt

%/5.s

~bfie (filledin)

Area of horntdsnce, sq ft

Trailing-edgesngle,deg

aCompletedatafoundin TableIII.

TA2LEII.-GEoMET81CCHASACT2.RISTICSOF TEE ISOIATZORORIZOI!TALTAILS

~ilk.d in indicatesthatthe elevatorout-outhss been filled

and fairedto airfoilcontour]

1
iwi
1.986

0.6*5

0.747

2.55

2.55

2.55

3.45

3.27

0.278

0.302

0.436

0.739

0.778

0.3’76

0.388

0.77*

0.876

0.253

0.293

1.110

-----

1.o42

0.129

D.129

3.050(

3.050(

D.182

D.168

D.017

10

2

1.920

-----

0.645

-----

2.56

2.%

-----

3.41

-----

0.261

-----

0.437

0.751

-----

0,.336

0.776

-----

0.252

-----

1.118

0.500

1.140

0.131

-----

0.0512

.“----

0.203

-----

-----

14

3

x

2.560

1.05U

1.250

2.5+5

2.79

2.96

3.65

3.42

>.407

>.439

-----

1.812

].864

).482

>.489

-----

.---,

1.392

1.422

-----

----

L.059

-----

-----

-----
-----
-----

al

4

2.500

2.593

0.543

0.633

2.%

2.76

2..$6

3.50

3.39

0.197

0.226

-----

0.847

0.878

0.233

0.24h

-----

-----

0.197

0.214

-----

-----

1.063

-----

.----

-----

-----

-----

-----
20

5 6 7

1.684 1.452 1.498

1.758 ----- -----

0.525 0.433 0.408

0.595 ----- -----

2.667 2.84 2.79

2.550 2.60 2.55

?.65o --_-- -----

4.22 5.55 5.21

4.04 ---.- -----

0.217 0.172 0.169

0.231 ----- -----

0.395 0.308 0.335

0.633 0.511 0.537

0.660 _____ -----

0.325 0.326 0.298

0.339 ----- -----

0.631 0.576 0.560

0.705 ----- -----

0.206 0.166 0.160

0,224 ----- -----

1.053 0.877 0.938

0.349 0.283 0.335

0.959 0.751 0.751

0.106 0.143 0.152

0.110 ----- -----

0.04310.06a80.0597

0.0428----- -----

0.209 0.365 0.373

0.191 ----- -----

----- ----- ------

10.5 17.5 20

●

(:) 9 10 11
1.500 2.163 1.825 2.15

----- 2.237 ---- --.--

----- 0.716 0.4960.59)

----- 0.790 ----------

2.79 3.08 2.94 3.33

----- 3.08 2.64 3.07

----- 3.08 ----------

5.20 4.39 4.73 5.16

----- 4.25 -------.--

----- 0.247 0.1970.198

----- 0.258 ----~-----

----- 0.395 0.4070.421

).540 0.702 0.6210,645

----- 0.724 ----------

----- 0.43a 0.2990.298

----- 0.458 ---.------

-----
,----
-----
-----
-----

).335

).751

-----

-----

.----

----
----
-----
16

0.948 0.6310.748

1.022 ----------

0.307 0.1860.192

0.331 ----------

1.215 1.1941.40

0.515 0.4710.471

0.981 0.8000.044

0.232 0.1350.158

0.232 ----------

0.07540.0510.051

0.0754---— -----

0.242 0.2740.266

0.2+4 ----------

-.--- ----------

12 15 15.0

12

a

2.115

0.741

0.788

3.14

2.99

3.13

4.78

4.67

0.249

0.252

0.356

0.656

0.674

0.48Q

0.472

0.944

fJ.997

0.315

0.318

1.118

0.*37

0.935

0.203

0.209

0.067!

0.066!

0.274

0.263

----

14.75

13 14

1.80 1.672

----- 1.741

0.507 0.457

----- 0.526

2.* 2.380

2.64 1.993

----- 1.99

*.26 3.40

----- 3.26

0.191 0.241

----- 0.266

0.442 0.301

0.648 0.702

----- 0.732

0.2* 0.326

----- 0.360

0.574 0.595

----- 0.664

0.192 0“.229

----- 0.264

1.226 1.077

0.480 0.507

0.818 1.01

0.067 0.138

----- 0.138

0.026 0.068!

----- 0.068:

0.137 0.301

----- 0.261

----- -----

20.75 11.75

,.
-m

.s’

15 16

1.315 O.ti

----- ----

0.444 0.2M

----- ----

2.44 2.05

2.284 1.84

----- ----

4.53 4.21

----- ----

0.199 ----

.-__- ----

0.293 ----

0.562 0.48]

----- ----

0.345 0.32?

----- —---

0.599 ----

----- ----

0.194 0.156

----- ----

0,716 ----

0.431 0.36

0.668 0.58(

0.155 ----

----- ----

0.068 ----

----- ----

0.351 ----

----- ----

----- ----

14.75 15,0

17

1.*7
-----

0.39

-----

2.61

2.60

-----

4.65

-----

0.165

----

0.342

0.563

-----

0.267

-----

0.577

-----

0.150

-----

0.893

0.349

0.955

0.187

-----

0.072

-----

0.48

-----

-----

12.75

gl
.

KATIOK4LADVISOSY
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NACA TN No. 1291

. —
WiSLE III.- GEOMETKIXCHARACTERISTICS

Area

Area

Area

Span

Span

Span

of

of

of
.

of

of

of

Aspect

Aspect

Aspect

Average

Average

Average

Area of

Average

Average

.

HORIZONTALTAIL

tail, sq ft . . .

forward elevator,

rear elevator, sq

tail, ft. a..

forward elevator,

rear elevator, ft

● ☛☛

Sq ft

f% .

● ☛☛

ft .

● ☛☛

ratio of tail . .

patio of forward elevator

●

●

●

●

●

●

●

patio of rear elevator . .

chord of

chord of

chord of

tail, ft....

●

●

●

●

●

●

●

●

●

●

forward elevator, f t

rear elevator, ft .

reamelevator balance, sq ft

chord of rear-elevator balance,

trailing-edge angle, deg . , .

ce’R, ft

cet~, ft

●

●

●

●

9

●

9

●

●

●

●

●

b

●

●

9

● ☛☛☛✎☛ 9

● *em*s.

● *e,., .

● *e..* .

●

●

9

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

☛

●

●

●

ft.

● *

● *

● *

● *

● *

1.50

0.667

0.356

2.79

2 ●55

2.52

5.2

6.5

17.9

0.54

0.262

0.141

0.125

0 .04g6

16

0.1465

0.270

‘3.86

0.3s2

NATIONALADVISORY
COMMITTEEF’ORJ!XRONAUTICS

.

*

●

.

n

.
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TA8LE IV.- CXOl@FRIO ONAJIAOTERISTIOSOF AIRFOIti 18 AND 19

End Aspect
Model plate span (a?.. ) ratio

a

b

c

d

e

f

K

h

i

J

k
m
n

P

q

r
s

t

u

v

None

None

CD
a)

8
None
None

(0
CD

@None
None

a)
CD

@
None
Hone

(D

xQ
None
None

@
m“
(1
None
None

@
CD

@
None
None

(D
CO

@
None

30,11
29.00

29.00

29.00

29.00

23.61
22.50

22.50

22.50

22.50

16.11
1.5.00

15.00

15.00

15.00

8.59
7.50

7.50

7.50

7.50

36.00
26.57

26,57

26.57

26.57

23,z8
16.57

16.57

16.57

16.57

13.75
3.75

3.75

3.75

3.75

“u?.82

150.38
145.00

145.00

145.00

145.00

117.88
112.50

112.50

112.50

112.50

80.38
75.00

75.00

75,00

75.00

42.88

37.50

37.50

37.50

37.50

215.42
155,52

155.52

155.52

155.52

148.61
91.15

91.15

91,15

91.15

88.27
24.05

2b.05

24.05

24,05

67,25

Airfoil I

6.03
5.80

5.80

5.8o

5.30

4.73
4,50

4.50

4.50

4.50

3.23
3.00

3.00

3.00

3.00

1,72
1.50 ‘

1.50

1.50

1.50

Airfoil 19

6.00
5.86

5.86

5.86

5,86

6.4L
5.51

5.51

5.51

5.51

6.41
6.41

6.41

6.41

6.41

5,23

Corrections added to teat data
Tip

Aa ffi~

Paired
Rectangular

‘---do----

----do----

----dO ----

Faired
Rectangular

----do ----

-.--do----

-...do----

Faired
Rectangular

----do----

----do----

----do----

F.4ir6d
Rectangular

----do----

----do----

----do----

Elliptical
----do----

----do----

----do----

----do----

Reotangul.a
Elliptical

----do----

----do----

----do ----

Reotangular
--.-do___

- --do----

-.--do----

----do----

Elll@ ical

O.5670L
.5370L

.5370L

.537cL

.537cL

.388cL

.361cL

.361cL

.361CL

,361cL

.2190L

.19?3L

.199CL

.1950L

.1992L

.0930L

.0780L

,07&L

.07&L

.c7@L

C.961CL,
.5560L

.5560L

,55&2L

.556CL

.49WL

.25WL

.25kL

.254CL

.254CL

.28CCL
,0440L

,0440L

.c44cL

.0440L.

.232CL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

O.074cL
.07&L

,0760L

.0760L

.0760L

.081CL

.085cL

.08xL

.085CL

.085CL

.llxL

.12%L

.1280L

,12&L

.12*L

.2240L

.2560L

.256cL

.256cL

.256CL

O.045cL
.C62CL

.C62CL

.C6213L

. .
.062cL

.065CL

.166CL

,166cL

.16(5OL

.166CL

.143cL

.3950L

.3950L

.39%L

.3993L

,lo%~



20 NACA TN No. 1291

‘MSU V.- P~lZ8 V#LC2S @ ISOIA~ ~IZOSTAL TAIL SOFMOSS

cLa CL5

O&U
Elevatorsap a-led

}

ElarmtorSap a-led
Elev.storsap open Elevator.2aPown

Grease ModellnsC% , Oraase bodeliu cm
L , ,

cut-outrilledcut-out own cut-~t riuOd out-out opal cut-out open cut- out rimd hit-out own cut-out rim cut-Out own cut-out Olsen

1 0.052 0.052 0.C55 0.055 0.055 0.030 0.023 C.031 c.030 ------

2 -.--- .C52 ----- .056 .055 --.-- .W ----- .C33 ------

3 .054 .052 .057 .056 .0% .039 .030 .037 SW --- =--

4 .0% .057 .057 .Csr .060 .026 .023 .028 ,026 ------

5 .058 .059 .059 ----- .061. .038 .029 .031 ----- ------

6 .0% ----- .(I6I ------ .063 .03 ----- .028 --- -- ----- -

7 I .052 .---- .06h ----- .065 .023 ----- .040 ------ ------

8 ‘ ,c52 ----- .061 ---.- .Ocll .o19 ----- .027 --.-- ------

9 .053 .055 ----- ----- ----- .028 .C71 ----- ----- ------

10 ----- ----- ----- “.03a ----- ----- , ----- ----- ~.032 ------

11 .---- ----- ----- ~.060 ----- ----- ---- - ----- ~.033 ------

12 .09 .054 .062. .064 .063 .032 .029 .03k .031 .. =---

13 ----- .05? ----- ----- .0.5? ----- .034 ----- ----- ------

14 .05@ .053 ----- ------ ----- .031 .029 bJxl b
.031 ... ----

1~ ~.c4t b.C66.---- b.065 b.066 ----- .032 ----- .037 ------

15 ----- .C55 ----- .060 .062 ----- .c32 ----- ----- ------
.

16 ----- .053 ----- ----- .065 ----- .037. ----- ----- ----- -

16 ----- b.06k ----- ---- . ----- ----- ----- ----- ----- ------

17 ----- .054 ----- ----- ----- ---- - ----- ----- ----- ------

a
Internalbalance.
b
End plateson.

9



,

b

. .
a

TA8LE V.- PARAMSTERVAJJJ13SOF ISOLATSOHORIZONTALTAIL SOSFAOES– Ooncluded

c% Chb &/Aij

Elevatorsap sealed

\
Elevators8p sealed

l?.@J.ZtOF &p OpCn
Model

Elevatorgap sealed

Grease
Elevaccr Wp OPWI Elevator WP open

Grease Grease

Cut-out filledCut-out open Cut-out filledCut-out open Cut-out filledCut-out ope Out-outfilledCut-out open Cut-out filled Cut-out opefiCut-out filledCut-out open

1 -0.0033 -0.0022 -0.0012 -0.0020 -0.0074 -0.0053 : -0.0052 -0.0045 ‘O.62 -0.48

I
-0.65 -0’.60

2 ------ -.0010 ------ -.0008 ------ -.0063
1.

------ -.0042 ----- -.55 ----- -.60

3 _Ooo?8 -.0005 -.0028 -.0007 -.0081 –.0048 –.0079 -.0066 -.73 -.58 -.72 -.58

41 .0002 .0007 –.0002 .0001 -.0057 -.0057 -.0062 -.0059 -.46 -.42 –.50 -.86

5 -.0027 -,0020 --—--- -.0022 -.0075 -.0065 _-- —_- --..-—- -.tm -.52 ----- ‘.52

6 .0015 ------ .0012 ------ -.0022 ------ ‘.0032 ------ –.56 ---— - -.48 -----

7 .0024 -- —--- .0005 -----— -.0006 ------ -.0010 ----- - -.45 ----- -.58 -----

8 .0016 ------ -.0054 ------ -.0041 -— ---- ., ------ ------ i -.38 ----- _____ ------

9 -.0014 -.0009 ------ ______ -.0048 -.0038 —---- - -——— -- -.59 -.53 ---—- -.-—_ -

10 --—-—- _____ _ _____ - -.0008 ------ -— ---- ____ __ –.0058 ----- ----- _____ a-.55

11 ______ ------ ------ –.0010 —----— ______ ______ -.0059 -— --- . ---- - ____ __ 8-.55

12 -.0022 -.0020 -.0008 -.0011 -.0050 -.0050 -.0039 -.0034 -.&l -.61 -.56 -.54

13 .0006 -— ——-— -- —--- ______ –.0057 ------ —----— -—-—- - –.55 ----- —---- -.58

14 -.0022 -.0013 -.0016 –.0009 –.0065 -.0040 -.0061 -.0032 -.53 -.50 b-.5l b-.5l

15 -.0004 ------ -.0006 -. L---- -.0024 ----— ----—- -----— -.55 ----- -.60 -— —--

16 ______ ______ ______ ______ ______ ______ ______ ______ -.53 ----— -.61 -————

17 .00Q2 ----—- ______ ______ -.0024 ----—- —____ _ ______ -.54 ---- - ----- - ---- _

.-
‘Internalb818nce.
b
Znd plates on.

RATIONALADVISORY
COMKITTEEFOR AERORAGTICS
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Horn bel?noe

Soationo-c

o 0
I.m

3:: 2.54
5.05 2.70
7.72 2.sl
10.U 2.92
12.98 3.o1
15.% 3.09
17.40 3*O9

. ..4

I J
I

—.

Section A-A Itti

s,d

x

k2alY&m

o
1.25
2.5
5.0
7.5

E
20
25

z

%.0
57.3
57.6
58.3
59.4

H
62.1
63..4
$$1

z

1%

1
A-A

r

o
I.&
1.%
2.67

& g
4.01
4.30
4.46 8
4.50 ~
4.35
%97
3.42
0
..22
1.X
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2.56
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2.97

?!2.97 ●

2.75
1.97
l:g

9
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x

o
1.25
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7.5
10
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50
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Figure l.- Pkm form of horizontal tail 1.
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Sactlcm A-A

x

7
mt

o
1.25
2.50
5.0
7.5 !!

10

23!
15

g
40
50
58*7
60.0
62.41
62.7 g
64.2 H
70 ●

:8

-J
100

+

x Y I
&

3.50
1.92
1.b7
-.92s
-.627
-..W
-.153
-.029
0
0
0
0
kw6
I:g

-.2?
o

:

:
0

&&
-3.50
-5.45
-6.50
‘7.92~
-8.86
-9.62
10.69
32.35
-----
n.n
11.a
10.52
-4.18
-6.61
-7.67
-8.29
-8.37
-7.35
-5.32
-2.60
-1.49
-1.17
-

0

/

-3.50
1.25 -1.92
2.50 -1.47
5.0 ~ -.92a
7.5 E -.62F
g IJ -.ba

~ q :::~
25 0

z :
50 0
53.9

L

-5.25
55.1 -3.10
57.6 -1.49
60.3 * -.54
63.0 ~ O

;s:
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Figure 2.- Plan form of horizontal tail 2.
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Figure 3.- Plan form of horizontal tail 3.
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1
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section A-A

x

ercent c)

o
1.?5

;:2
J.5

15

g

50
sb.2

%’::

;;::
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NACA TN No. 1291 Fig.22a cone.
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Figure 22.- Continued. Tail 1.
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Fig. 22d NACA TN NO. 1291
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Fig. 23a NACA TN NO. 1291
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Fig. 23c NACA TN No. 1291
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Fig.23d NACA TN No. 1291
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NACA TN IfJo, 1291 Fig.23d cone.
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Fig. 24a NACA TN No. 1291
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Fig. 24b NACA TN NO. 1291
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NACA TN No. 1291 Fig.24b cone.
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Fig. 24c NACA TN No. 1291
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Fig. 25a NACA TN No. 1291
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NACA TN No. 1291 Fig. 25a cone.
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Fig. 25b NACA TN No. 1291
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NACA TN No. 1291 Fig.25b cone.
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Fig.25c NACA TN No. 1291
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NACA TN No. 1291 Fig.25c cone.
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Fig. 25d NACA TN No. 1291
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Fig. 25d NACA TN No. 1291
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Figure 26. - Lift and hinge-moment characteristics of horizontal tail 5.
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Fig. 29a NACA TN No. 1291

(a) Elevatorgap open. 5F = OO.

Figure 29.- LHt and hinge-moment characteristicsofhorizontaltail8.
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Fig. 34 cone. NACA TN No. 1291

.

,

I‘-q

3...—
=ht

-i
v.

1
%

=w=,m-,nu,...-k

G An#e af attack, U, deq

Figure 34.- Concluded. Tail 13.



NACA TN No. 1291 Fig. 35a

$’
(deg) 6

1, \

[0.’

I
v

,6 “
A

.6 p
c1I I I -, ,,

-20 -16 ~lZ -8 -4 046 IZ /6 20
A~gle of uf!ack, u, deg

(a) Elevator gap open. End plates on except where noted.

Figure 35.- Liftand hinge-moment characteristicsofhori~ontaltail14.



Fig.35aconc. NACA TN No. 1291

-Z(9 -!6 -12 -(3 -4 0461 Z1610
A ogle o{ attuck, m , deg

(a) Concluded.

Figure 35.- Continued. Tail14.

-r

.



NACA TN No. 1291

.

.

Fig.35b

6
.!$
xl“’l-H-t+%-/wA‘ ‘ ‘/

/ /
. I

-t-l--%F%5=t- 1 /1 4

v/

---.’8~ ; %1-*
T3 - ~

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

v I

.)n -
1, u

-20 -/6 -J2 -8

Angleof

*
(b) Elevatorgap sealedwith

Figure 35.-
9

-4 0- 4 8 12 16 24’
Qttack, m , deg

grease except where noted. End plates on.

Continued. Tail 14.



Fig.35b cone. NACA TN No. 1291

-R -20 -/6 -12 -8 -4 d 4 8 f2, 16 20
2 A/7gle of ui%c~, w, (@g

R?
Q’-..l

(b) Concluded.

P

.

#

b

.—
.

Figure 35.- Continued. Tail 14.



NACA TN No. 1291 Fig.35c

.

.

-.6

:6

-ZO -/6 -/2 -EI -4 046/2/620
Angle of o+tuck , K, deg

(c) Elevatorcut-outfilledand elevatorgap open. End plateson
exceptwhere noted.

Figure 35.- Continued. Tail 14.



.

Fig. 35c cone. NACA TN No. 1291

.

.

.

(c) Concluded.

Figure 35. - Continued. Tail 14.



NAC,A TN No. 1291 Fig.35d

m’

-20 -}6 -/2 -&3 -4 04 B121620

(d) Elevator cut-out filled and elevator gap sealed with grease except
where noted. End plates on.

/
Figure 35.- Continued. Tail 14.
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Figure 36.- Lift and hinge -moment characteristics of tail 15..
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